We propose a extended Higgs portal inflation model in which the new scalar field discussed by Weinberg to explain the fractional cosmic neutrinos is considered as the cosmological inflation field, assuming a nonminimal coupling of the scalar field to the gravity. Using the new data from Planck 2013 and other relevant astrophysical data, we obtain the relation between the nonminimal coupling ξ and the self coupling λ needed to drive the inflation, and find that our inflationary model is favored by the astrophysical data. Furthermore, we discuss the constraints on the model parameters from the experiments of particle physics, especially the recent Higgs data, and give the upper bounds of the nonminimal coupling ξ.
discuss this concrete model. Constraints on the model parameters from experiments of cosmology and precise data of particle physics are also be discussed in detail.
In Sec. II, we describe the model to discuss the cosmological inflation based on the extension of Weinberg's new model [12] . In Sec. III, we discuss the cosmological inflation at both the classical and quantum levels, and present the constraints on the model parameters from the recent 2013 Planck data. In Sec. IV, we analyze the constraints on the model parameters from particle physics, especially the recent Higgs results at the LHC. Section V contains a brief conclusion.
II. THE CONCRETE HIGGS PORTAL INFLATION MODEL
In Ref. [12] , a single complex scalar field χ is introduced to explain the fractional cosmic neutrinos. Furthermore, cosmological dark matter [12, 45] and dark energy problems [46, 47] have also been discussed following this idea. Actually, it is natural to consider whether this new scalar field can solve the cosmological inflation problem. Here we assume a nonminimal coupling of the scalar field χ to the gravity in order to explain the cosmological inflation problem as well. Under the nonminimal coupling assumption, the generalized action with metric signature (−, +, +, +) is
with
and
Here L grav includes a nonminimal coupling of the scalar field χ to the gravity, and L W is the Lagrangian proposed by Weinberg. M P is the reduced Planck mass (M P ≃ 2.435×10 18 GeV).
ϕ is the Higgs field in the SM. µ 2 , λ and G are real constants, and we assume ξ > 0. This generalized model is a concrete realization of the Higgs portal inflation models based on Weinberg's model, and leads to different particle phenomenology from other Higgs portal inflation models [36, 37, 41, 42] .
Using the same notations in Ref. [12] , we define the complex scalar field under the new U(1) symmetry as
where r(x) is the radial massive field and α(x) is the massless Goldstone boson field. Substituting Eq. (4) into Eq. (2) and Eq. (3), the Lagrangian can be written as
where L ≡ L grav + L W . This frame with the term ξr 2 R describing the gravity is often called Jordan frame. The Goldstone boson contributes to the fractional cosmic neutrino, and the radial component of the χ field may drive the cosmological inflation which will be discussed in Sec. III.
In the unitary gauge, the fields can be written as r(x) = r + r ′ (x) and ϕ(x) T = (0, ϕ + ϕ ′ (x)). Thus, we get the mixing of the radial boson r and the Higgs boson through the term
After diagonalizing the mass matrix for r ′ and ϕ ′ , the mixing angle is approximated by
where ϑ ≪ 1 is assumed. This mixing effects of the radial boson and the Higgs boson may produce the abundant phenomenology in particle physics. These effects will be discussed in detail in Sec. IV.
III. COSMOLOGICAL INFLATION DRIVEN BY THE NEW SCALAR FIELD
A. Classical analysis
We now discuss whether the radial component r(x) of the new scalar field χ(x) can be the cosmological inflation field, and further discuss the cosmological inflation at the classical level in the slow-roll approximation, using the methods in Refs. [13, 17, 48] . In the inflationary epoch, it is appropriate to replace r ′ (x) by r(x) for simplicity. It is convenient to investigate the cosmological inflation in the Einstein frame for the action by performing the Weyl conformal transformation:
The corresponding potential in the Einstein frame becomes
where V (r) is the potential of the radial field r in the Jordan frame. Furthermore, the kinetic term in the Einstein frame can be written in canonical form with a new field, which is defined by the equation
After taking the conformal transformation and redefining the radial field, the corresponding action can be expressed by the canonical form in the Einstein frame as follows
Firstly, we qualitatively consider this inflationary model. During inflation, the potential can be approximated by V (r) = λ 4 r 4 . Thus, for large field r(x) we have
This potential is just the slow-roll potential, which is needed to drive the cosmological inflation [2] , as shown in Fig. 1 . For this qualitative estimation, our model and the models in Refs. [17, 37, 42] are similar to the λφ 4 model. However, from the exact calculation the predictions of our model without such approximation are different from other models, especially considering the one-loop quantum corrections.
Then, we quantitatively discuss the cosmological inflation. The detailed conditions of the cosmological inflation are described by the following slow-roll parameters: where the chain rule is used. From Eq. (13) the field value r e at the end of inflation, defined by ǫ = 1, is given by
The number N of e-foldings [2] is given by
where r N is the field value at Hubble exit during inflation.
The amplitude of density perturbations in k-space is defined by the power spectrum:
where A s is the scalar amplitude at some "pivot point" k * , which is given by
which can be measured by astrophysical experiments. As a good approximation, the corresponding scalar spectral index n s is given by
and the tensor-to-scalar ratio r * at leading order is
We use the recent Planck+WP data ln(10 10 A s ) = 3.089
−0.027 and n s = 0.9603
−0.027 [9] to give the constraints on the cosmological parameters and make best fit with respect to the standard Big Bang cosmological model. From Eq. (18), the relation between ξ and λ needed to drive the cosmological inflation is shown in Fig. 2 . The bound on n s and r * is crucial for constraining the inflationary model. We fit the the combined experimental results of Planck and other experimental data using our model as shown in Fig. 3 . Since the Planck constraint on r * depends slightly on the pivot scale k * , we choose k * = 0.002Mpc −1 , and r * 0.002 < 0.12 at 95%C.L. For very large ξ, Fig. 3 shows that our inflationary model is favored by the astrophysical measurements. Our inflationary model is well within the joint 95% C.L.
regions for large ξ.
B. Quantum effects
We now consider the effective potential V (r) or V E (σ) at one-loop level, including the effects of the nonminimal coupling of the scalar field r(x) to the gravity ξr 2 R. The calculation is difficult to perform exactly. However, for large ξ, approximate results can be obtained.
Under the conformal transformation, the gravity sector becomes canonical, while the kinetic
2 , and we can get a non-standard commutator for r following the approach in Refs. [17, 48] . The canonical momentum corresponding to r is
where n µ is a unit time-like vector. From the standard commutation relation
we can obtain
During inflation r ≫ M P / √ ξ, there is a suppression factor of c r = 1/(6ξ + 1) in the commutator. Thus, in the inflationary epoch, quantum loop effects involving the radial boson field r(x) are strongly suppressed. When we calculate the loop corrections, one suppression factor c r is needed for each r propagator in the loop diagram. Using the methods in Ref.
[49], we can obtain the one-loop running function of the scalar coupling
where µ r is the renormalization scale and m t is the top quark mass. Then we calculate the quantum corrections in the Jordan frame. The one-loop correction to the effective potential in the MS scheme is given by
where
Finally, we get the effective potential at one-loop level in the Einstein frame:
IV. CONSTRAINTS FROM PARTICLE PHYSICS
In this section we discuss the constraints on the model parameters from the current experimental results in the particle physics. In the following discussions, we will use the relation between G and m r
where m µ is the muon mass. This relation is proposed to explain the fractional cosmic neutrinos [12] .
A. SM Higgs invisible decay
Due to the mixing effects between SM Higgs boson and radial field r ′ the invisible decay channel for SM Higgs boson ϕ ′ → αα opens. Therefore there exits constraints on the model parameters from the experimental results of Higgs invisible decay, which have been firstly considered in Ref. [12] . In our paper based on a combined fit results of ATLAS, CMS and
Tevatron for Higgs invisible decay branching ratio [50] , we get the corresponding exclusion region in Fig. 7 . Through the effective interaction of the radial field with the SM particles, the radial scalar boson r ′ can contribute to the muon anomalous magnetic moment. Up to now there is a 4σ derivation between SM predictions and experimental results at BNL E821 [51] :
At the one-loop level the Feynman diagram of the contribution from the radial boson r ′ to the muon anomalous magnetic moment is shown in Fig 4. After performing perturbative calculations, we can obtain the contribution of r ′ to the muon anomalous magnetic moment
where G F is Fermi constant [52] . The constraints on the model parameters can be obtained by demanding ∆a NP µ < ∆a µ , and the corresponding exclusion region is shown in Fig. 7 . Due to the fact that the main decay channel of r ′ is r ′ → αα, where α is identified as missing energy in the experiments, there exit the constraints on the model parameter coming from the decay of the meson Υ(nS) into one photon and missing energy. The current experimental results in radiative Upsilon decays Υ(nS) → γ + / E from BaBar [53] [54] [55] are
In our model at the quark level the Feynman diagram of the contribution from the radial boson r ′ to the process Υ(nS) → γ + / E is shown in Fig. 5 . After performing perturbative calculation we can derive the branching ratio of Υ(nS) → γ + r ′ at the Born level as
where m Υ(nS) is the mass of Υ(nS) and α is the QED coupling constant. In Eq. 35 the nonperturbative QCD effects have been canceled out in the ratio between Br (Υ(nS) → γ + r ′ )
and Br(Υ(nS) → µ + µ − ). After considering the NLO QCD corrections, the branching ratio is given by
and α s is the QCD coupling constants at the scale of m Υ(nS) . The function f (x) includes one-loop QCD corrections [56] . Using the above results of BaBar, the corresponding exclusion region can be obtained as shown in Fig. 7 . Now we look at the flavor changing process B → K + / E. In the SM, for the process of Bmeson decaying to Kaon and a pair of neutrinos, the branching ratio Br
. The present experimental results for B → K + / E from CLEO [57] and BaBar [58, 59] are
In our model the flavor changing process B → K + r ′ is induced at the loop level, and at the quark level the corresponding Feynman diagram is shown in Fig. 6 . The low energy effective
Lagrangian describing the interaction between r ′ , b and s quark can be written as
where g W is the weak coupling constant and v is the SM vacuum expectation value. After performing perturbative calculations based on the effective Lagrangian L bsr ′ and also considering the non-perturbative QCD effects by means of the hadronic form factor determined via light cone sum rule analysis [60] , we can get the branching ratio for the process
Here m ± = m B ± m K , m B is the mass of B-meson, τ B is the lifetime of B meson, and V tb and V ts are CKM matrix elements. The the hadronic form factor f 0 (x) is given by [60] f 0 (x) = 0.33 exp 0.63x m 
Using the CLEO experimental results, we obtain the corresponding exclusion region in Fig. 7 . 
E. Kaon decay K → π + / E
Similar to the case of B-meson decay, for the r ′ production through Kaon decay K → π + / E, the SM predictions are Br SM (K + → π + + νν) = 7.8 × 10 −11 [61] . The current experiments constraints from E787 and E949 [62] [63] [64] are
Using the above experimental results, the corresponding exclusion region can be obtained as shown in Fig. 7 .
It is important to constrain the dimensionless nonminimal coupling ξ by experiments and test the scalar-tensor interaction [65, 66] since the effective operator ξr 2 R often appears in the quantum gravity theory [67, 68] . In our model, we try to constrain the nonminimal coupling ξ by the global signal strength of Higgs boson at the LHC.
From the mixing term of radial scalar boson and the Higgs boson, an effective interaction between the Higgs field and the gravitational field can be induced, which is
We use the recent Higgs data at the LHC and the method in Ref. [65] to discuss the constraints on the nonminimal coupling of the scalar field to gravity. The relevant action for Higgs sector is
After performing the conformal transformation [48] g µν →g µν = Ω 2 g µν ,
the action in the Einstein frame becomes
where the second term comes from the above conformal transformation of the Ricci scalar R [48] . In this frame, the gravitational sector is canonical form, but the kinetic term of the Higgs boson is needed to be made into the canonical form. After expanding the Higgs field in the unitary gauge and expanding Ω 2 at leading order, the kinetic term for the Higgs boson is given by
In order to get the canonical kinetic term, all the Higgs couplings to the SM particles should be scaled by 1/ρ. This leads to a suppression factor of 1/ρ for the Higgs boson production and decay at the LHC. By means of the narrow width approximation, we can obtain the global signal strength µ s = σ/σ SM = 1/ρ 2 . Thus, after considering the best-fit signal strength µ s = 0.80 ± 0.14 from CMS [69] for all channels combined, κ > 3.9 × 10 15 is excluded at 95% C.L. The corresponding upper bounds of ξ can be obtained from Eq. (44), as shown in Fig. 7 . If we take a typical mixing angle ϑ = 10 −5 , which is allowed by the current low energy precision data, we get the upper bound ξ < 3.9 × 10 25 .
V. CONCLUSION
We have proposed a extended Higgs portal inflation model in which the new scalar field discussed by Weinberg to explain the fractional cosmic neutrinos is considered as the cosmological inflation field, assuming a nonminimal coupling of the scalar field to the gravity.
The effective potential which drives cosmological inflation is calculated at both classical and quantum level. Using the new data from Planck and other experiments, we obtain the relation between the nonminimal coupling ξ and the self coupling λ needed to drive the inflation. We find that our inflationary model is favored by the combined results of Planck and other data, since our prediction for n s and r * 0.002 is well within the region allowed by the current astrophysical measurements for large ξ. We also discuss the constraints on the model parameters from the Higgs data at the LHC and the low energy precise data, and
give the upper bounds of the nonminimal coupling ξ. For a typical mixing angle ϑ = 10 −5 , the upper bound is ξ < 3.9 × 10 25 at 95% C.L.
